We describe a patient with spontaneous obliteration of spontaneous vertebral arteriovenous fistula (VAVF) associated with fibromuscular dysplasia (FMD) after partial surgery. A 52-year-old hypertensive female woke up one morning with left shoulder pain and weakness of the left upper extremity. A few days later, she developed left-sided audible bruit. She was treated for left frozen shoulder and supportive treatment for audible bruit for four years. She was referred from her general physician to a neurosurgeon because of left arm weakness. Physical examination showed signs of cervical radiculomyelopathy. Magnetic resonance imaging (MRI) showed an extradural mass on the left side of the cervical spinal canal from level C2 to C6. Provisional diagnosis was epidural vascular tumour. Laminectomy and partial removal of the mass was performed at level C5 to C6. Pathological report revealed suspected vascular malformation. Postoperative MRI showed thrombosed epidural vascular structure. Angiography showed dysplastic changes of both vertebral arteries representing FMD with VAVF of the left vertebral artery at level C1-C2. Two years after surgery, follow-up MRI demonstrated complete spontaneous resolution of the large thrombosed epidural vein. Disappearance of her audible bruit immediately after surgery and gradual improvement of her cervical radiculomyelopathy were observed after two years of clinical follow-up. From the literature, we found another 11 patients with 12 VAVFs who had spontaneous obliteration or cure of their fistulas. In the present case, spontaneous obliteration of the fistula seems to correlate with surgery inducing closure of the epidural venous exit leading to thrombosis of the enlarged epidural draining vein.
Introduction
Vertebral arteriovenous fistulas (VAVFs) are abnormal connections between the extracranial vertebral artery (VA) or its branches and neighbouring veins including paravertebral veins, epidural venous plexus, internal jugular vein, and/or perimedullary veins. 1, 2 The fistulas may receive indirect collateral supply from the ascending cervical artery of the thyrocervical trunk, deep cervical artery of the costocervical trunk, occipital artery, and/or radicular branches of the contralateral vertebral artery. [3] [4] [5] [6] [7] [8] [9] They are uncommon lesions and usually of traumatic origin. 1, 10 Traumatic cause may be the result of a penetrating injury, blunt trauma, iatrogenic puncture of extracranial VA during diagnostic angiography, or cervical spine surgery. 1, 2, 7, [11] [12] [13] [14] Spontaneous arteriovenous fistulas (AVFs) of the VA are rare. However, a few studies have reported them as having a spontaneous cause rather than a traumatic cause. 2, 15 Spontaneous VAVFs have been associated with fibromuscular dysplasia (FMD), 16, 17 neurofibromatosis type 1 (NF1), 3, 6, 9 or Ehlers-Danlos syndrome. 14 Most traumatic VAVFs involve the V2 segment of the VA, whereas spontaneous fistulas usually occur in the high cervical or V3 segment of the VA. 1, 2, 14 The most common presentation of spontaneous VAVFs is bruit that usually does not change with manual compression of the carotid arteries. 7, 11, 14, 18 Radiculopathy and myelopathy are rather uncommon but may be a result of compression of nerve roots, spinal cord, and/or brachial plexus by enlarged epidural and/or foraminal draining veins. Moreover, the symptoms of myelopathy may be caused by spinal venous congestion from a result of reflux of arterialised blood into the spinal pial veins, which should present with abnormal signal intensity of spinal cord on T2weighted MRI. 8, 10, 14, 19 Due to connections between epidural and intradural veins, pial venous congestion may cause neurological deficits by forceful epidural pressure. Local opening into a radicular vein may produce medullary venous reflux. Furthermore, worse myelopathy may be caused by partial venous thrombosis in the long-standing fistula. 20 Spontaneous obliteration is rather unusual in VAVFs because most of these fistulas tend to increase in size as extensive collateral channels develop, especially in large fistulas. 14, 16, 19 We describe a patient with spontaneous VAVF associated with FMD presenting with cervical radiculomyelopathy and bruit. The enlarged epidural venous lake thrombosed after partial surgery leading to spontaneous closure of the fistula. We also review the literature of patients having spontaneous obliteration or cure of VAVFs.
Case report
A 52-year-old hypertensive female presented with left shoulder pain and weakness of the left upper extremity after waking up in the morning. A few days later she developed left-sided audible bruit. She claimed that 'it sounded like the man sawing the wood all the time'. She was investigated by audiogram that revealed normal hearing. She was treated for left frozen shoulder and supportive treatment for audible bruit for four years. She was referred from her general physician to a neurosurgeon because of weakness of the left arm. Physical examination showed atrophy of the left deltoid and scapular muscles ( Figure 1 ). Weakness was significant for a power grade of 0/5 for the left deltoid, biceps, and triceps. There was also a reduction of power to grade 4/5 in left wrist flexion and extension. She has hyperreflexia in the right upper extremity and both lower extremities. But left upper extremity was hyporeflexic. Sensory response was intact. No abnormal skin lesions were detected. MRI showed an extradural mass on the left side of the cervical spinal canal from level C2 to C6. Provisional diagnosis was epidural vascular tumour. The patient underwent laminectomy at level C5 to C6 with partial removal of the mass. The surgeon found that this mass was a large epidural venous lake and profound haemorrhage occurred during resection. The operation had to be abandoned and massive bleeding was controlled by packing with absorbable haemostat. The pathology report revealed a specimen consisting of a cluster of blood vessels exhibiting a variety of sizes and wall thickness. Special stains confirm that they are both arteries and veins, a suspected vascular malformation. The patient was then transferred to a neurointerventionist.
A review of MRI showed a large tubular signal-void structure extended from the left vertebral artery via the lateral neural canal into the left-sided spinal canal at level C1-C2, causing pressure effect and displacing the left side of the cervical cord. There was slightly increased signal intensity of the spinal cord on T2-weighted sequences. Surrounding the left-sided extradural signal-void structure are likely to be dilated epidural venous plexus, compatible to high-flow VAVF. This lesion connected to the dilated epidural vein in the left anterolateral aspect of the cervical spinal canal from level of C2 to C6 (Figure 2 ).There was an enhancing tubular structure at the left anterolateral aspect of the epidural space from C2 to C6. This epidural tubular structure showed less signal-void than that of the previous study (Figure 3 (b), 5(a), 6(a)).
Cerebral angiography showed tortuousity, ectasia and irregularity of the cervical part of both VAs with multiple impending fusiform aneurysmal dilatations (Figure 7 , 8(a)). A mild irregularity of the V4 segment of the left VA is also observed. There was early filling of the contrast material into the small left-sided vertebral venous structure at level C1-C2 to C2-C3 via the fistula tract at the posteromedial wall of the left VA at level C1-C2 (Figure 7 (a)). No evidence of irregularity of both internal carotid arteries (ICAs) was noted ( Figure 8(c) ). Both cervical arteries also appeared to show dysplastic change (Figure 8(b) ). The enhancing tubular structure at the left anterolateral aspect of the epidural space from C2 to C6 seen on the previous MRI was not visualised, compatible with a thrombosed dilated epidural vein. One year after surgery, vertebral angiography revealed a decrease in size of the fistula and the venous pouch.
Tapered narrowing of V3 and V4 segments of the left VA were noted (Figure 7 (c), 7(d)).
Two years after surgery, follow-up MRI revealed disappearance of the large enhancing tubular epidural vein in the left anterolateral aspect of the cervical canal, and resolving of cervical cord compression ( Figure 3 (c), 4(c), 5(b), 6(b)). No definite abnormal signal intensity or enhancement of the cervical cord was seen. As correlated with the previous MRI and angiography, resolution of the thrombosed epidural vein in the anterolateral aspect of the cervical canal was confirmed. Magnetic resonance angiography (MRA) of the renal arteries showed no stenosis. The audible bruit disappeared immediately after surgery and gradual improvement of cervical radiculomyelopathy was observed after two years' clinical follow-up.
Discussion
The first reported case of spontaneous VAVF was described by Gooddy and Schechter in 1960. 21 Our patient has a spontaneous high-flow VAVF and dysplastic changes of both vertebral and cervical arteries. Dysplastic changes of the vessels may occur in FMD or NF1. 6 The latter is characterised by pigmented skin lesions, cutaneous neurofibromata, tumours of the central nervous system, multiple skeletal abnormalities and vascular lesions. 9 Due to an absence of abnormal skin lesions or evidence of NF1 in our patient, we thus excluded this disease. Direct compression of nerve roots, brachial plexus, and spinal cord by enlarged foraminal and epidural draining veins could be the primary mechanism for neurological symptoms in our patient. As mentioned previously, pial venous congestion may also be a possible mechanism for myelopathy because there was abnormal hyperintensity of the spinal cord on T2-weighted MRI (Figure 2(c) ). Spontaneous VAVF with FMD was initially reported by Reddy et al. 16 Similar to our patient, the 65-year-old hypertensive woman presented with cervical myelopathy and bruit. Angiogram revealed typical changes of FMD affecting both VAs and no definite evidence of FMD of both ICAs. In this patient, histological examination of the specimen from the VA confirmed the angiographic diagnosis of FMD.
FMD is an idiopathic, non-inflammatory, nonatherosclerotic angiopathy affecting small to mediumsized vessels including the renal artery (most common), cephalocervical arteries, visceral arteries, and/or the arteries in the extremities. [22] [23] [24] [25] Most patients with FMD reflect the significant preponderance of Caucasian females aged 50 years or older. 24, 26, 27 FMD is most often discovered incidentally during the angiographic investigation of patients with certain conditions, e.g. cerebrovascular disease, intracranial neoplasms, or post-trauma. 27 FMD of the VAs is less common than ICAs and usually associated with carotid lesions. 24, 26, 27 The rate of angiographic incidence of extracranial vertebral FMD is approximately 0.17%-0.27%. 25, 26 Bilateral vertebral lesions are found at the rate of 30%. 26 According to the three main arterial wall layers, FMD is then classified into three groups, i.e. intimal fibroplasia, medial dysplasia, and adventitial fibroplasia. Medial dysplasia is subdivided into three groups, i.e. medial fibroplasia, perimedial fibroplasia, and medial hyperplasia. The most common pathological type is medial fibroplasia representing near 85%. 22, 28 The angiographic appearances of cervical FMD were classified by Osborn and Anderson 29 into three major characteristic patterns. Firstly, type 1 represents a typical 'string of beads' appearance created by multiple irregular, concentric stenoses with normal or dilated intervening segments in the involved vessel. This most common type is associated with the medial fibroplasia subtype. Secondly, type 2 has been termed tubular FMD presenting with unifocal or multifocal smooth tubular stenosis. Finally, type 3 has been referred to as 'atypical FMD'. This type usually involves one side of the vessel wall (i.e. non-circumferential narrowing) and produces a diverticulum-like smooth or corrugated outpouching. They also found that the lesions of cervical FMD are typically located in the midportion of the ICA or VA adjacent to the C1-C2 level. Because a pathologic specimen is rarely obtained, angiography remains the diagnostic method of choice. 22 The formation of AVF in patients with FMD may result from the rupture of the aneurysm located on dysplasia involving a vessel, representing a complication of pre-existing arterial fibrodysplasia. 17, 23, 30 The ideal goal of the treatment of the VAVF is the occlusion of the fistula and preservation of the patency of the VA. However, preservation of the VA is often not possible. 15 Transarterial balloon embolisation was proposed to be the method of choice in the treatment of VAVFs. 1,2,5 Sometimes, a balloon occlusion of the fistula is considered extremely difficult due to tortuosity of the VA, especially in association with FMD. 17 The role of surgical treatment is limited to patients with unsuccessful endovascular treatment. 10 Proximal and distal ligation with excision of the fistula is the procedure of choice for VAVF. 12 Proximal ligation alone could not cure these VAVFs due to persistence of retrograde flow from distal VA. Only proximal and distal ligation without excision of the fistula or tapping procedure also could not eradicate the fistula because collateral vessels may maintain the fistula patency. 1, 10 In one case report, one kind of catheter was placed into the blind segment of the VA after tapping the VA to produce thrombosis to prevent the development of collateral flow. 16 However, surgical treatment is difficult, and often unsatisfactory. 19 VAVFs occasionally require a combination of surgery and endovascular treatment for achieving completely obliteration of the fistulas. 4, 31 The natural history of VAVFs has not yet been fully understood. Contrary to other fistulas there is seldom spontaneous thrombosis. 32 From the literature review of spontaneous obliteration or disappearance of symptoms of VAVFs (Table 1) , there were 12 cases, including our one case, with 13 fistulas due to bilateral lesions in one case. 7, 8, [11] [12] [13] 18, 21, [32] [33] [34] [35] Most patients were female (83.3%) with mean age at onset of 44.58 years, ranging from 9 to 61 years. Out of 13 fistulas, six were spontaneous causes, six iatrogenic puncture of vessels, and one migrating of the needle from acupuncture. Most spontaneous fistulas were located at the C1-C2 level, while all other fistulas were located below the C1-C2 level. Seven fistulas were located on the right side, and six on the left. The most common presenting symptom of VAVFs was bruit, while radiculomyelopathy occurred in only two cases. Only two patients were associated with FMD. Good filling of contrast material in distal VA above the fistula was found in nine of 13 fistulas. 7, 11, 12, 18, 21, [32] [33] [34] [35] In a report of bilateral VAVFs by Newton and Darroch, 7 spontaneous closure of the fistula occurred only on the right side whose vertebral and basilar arteries filled well, whereas no contrast material was seen on the distal left VA. However, in another report of bilateral VAVFs by Bergquist, 11 spontaneous closure occurred in both fistulas even though the left VA was not opacified above the fistula. Goyal et al. 15 suggested that VAVFs which have antegrade flow in the ipsilateral VAs representing relatively minor fistulas could be treated by conservative trial unless disabling bruit and/or other symptoms occurred.
The exact mechanisms of spontaneous obliteration or closure of VAVFs remain unclear. Lasjaunias and Berenstein 32 demonstrated spontaneous VAVF associated with FMD in a 48-year-old female presenting with a sudden onset of a 'swishing' noise on the right side. Spontaneous closure of the fistula occurred while attempting balloon embolisation. Similar to this study by Uchino et al. 36 that reported spontaneous obliteration of direct traumatic carotid-cavernous fistula (CCF) that occurred during a transarterial balloon occlusion procedure. They speculated that transient reduction and stagnancy of blood flow may have an important role in the thrombosis of the CCF. Bergquist 11 reported bilateral VAVFs after bilateral percutaneous vertebral angiography on the same occasion. About two and a half years on the right side and three years on the left side after the original punctures, these fistulas were found to have closed spontaneously.
During follow-up with angiography, there was an intramural deposit of contrast medium at the point of injection contributing to spontaneous closure of the fistula, possibly by reducing the flow in the VA. In addition, Faeth and Dueker 18 also presumed that the angiography in some way caused a thrombosis of the arteriovenous communication. In a study about the effect of contrast material on canine veins by Ritchie, 37 veins were prepared before injection of contrast material in three different conditions, i.e. undamaged venous endothelium, minimal inflammation, and severe inflammation. They suggested that the injection of contrast material under damaged surrounding tissue with venous stasis may exaggerate the adhesion to and invasion of the venous wall by leucocytes and possibly contribute to thrombus formation. Beaujeux et al. 2 reported four cases with small VAVFs occluded spontaneously after simple attempting at selective catheterisation and another three cases with VAVFs, which was not to mention about the size, also occluded spontaneously after performing angiography alone. They speculated that the mechanisms of spontaneous obliteration may be related to thrombosis of fistulas after manipulation, altered haemodynamics sufficient to produce occlusion, or secondary effect related to the viscosity of contrast media. Due to the lack of details about these patients, we could not add their data to Table 1 . Compared with other arteriovenous fistulas, spontaneous regression of dural AVFs was distinguished into two types, i.e. post-traumatic and spontaneous cause by the report and literature review of Luciani et al. 38 They suspected that post-traumatic dural AVFs are probably more likely to occlude spontaneously than spontaneous dural AVFs because of developing scar tissue during the healing process, especially in single and small post-traumatic dural AVFs. Shumacker and Wayson 39 studied 245 peripheral AVFs (e.g. brachial AVF, femoral AVF, subclavian AVF) in soldiers suffering from penetrating injuries. Spontaneous cure of AVFs occurred infrequently (i.e. 2%). They suggested that obliteration of AVFs was achieved by thrombosis rather than gradual contraction of scarring and fibrosis. Abdulrauf et al. 40 reported and reviewed the literature about spontaneous obliteration of brain arteriovenous malformations (AVMs), and found that a single draining vein, haemorrhagic presentation, and smaller AVM size may predispose to spontaneous thrombosis. They proposed that occlusion of a single draining vein may lead to total venous outflow obstruction resulting in elimination of arteriovenous shunt with subsequent stasis of blood and thrombosis.
Asai et al. 8 reported large spontaneous VAVF with VA transection (i.e. no antegrade filling of the distal VA) in a middle-aged female patient presenting with radiculomyelopathy. They thought that partial coil embolisation begun at the venous side of the fistula is the essential factor of spontaneous occlusion of the residual fistula. The efficacy of venous end occlusion without excision as the primary mode of treatment with further disappearance of all feeding arteries producing a permanent cure was proposed by Mullan 41 studying dural sinus fistulas, vein of Galen aneurysms, cerebral AVMs and spinal AVMs. In our patient, without performing angiography before, we postulated that spontaneous obliteration of VAVF seems to correlate with surgery inducing closure of the epidural venous exit leading to thrombosis of the large epidural venous lake and subsequent disappearance without removal of the thrombosed vein.
Interestingly, there is seldom spontaneous obliteration in VAVFs associated with NF1. Only spontaneous partial thrombosis of some portion of VAVFs producing deteriorated neurological deficit was reported but complete obliteration of the fistula needs treatment with multiple endovascular procedures. 6 
Conclusion
We reported a case of spontaneous VAVF in association with FMD. Spontaneous obliteration of the fistula was induced by thrombus formation in the enlarged draining vein after partial surgery around the epidural venous exit without disturbing the fistula site. Follow-up images confirmed the postoperative enlarged thrombosed draining vein and disappearance of this thrombosed vein later without excision.
